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form and are presently under investigation. These are high-
ly polar substances which contain neither cyano nor benz-
hydryl groups. Pyridine or unreacted 4-cyanopyridine could
not be detected among the reaction products.

Though dimethyl ketyl can also transfer electrons to suit-
able acceptors very efficiently,” in this reaction, concentra-
tion factors should favor diphenyl ketyl as the transfer
agent.'0

4-Benzhydrylpyridine (3) is not a primary product of
reaction but has been shown to form in 71% yield when 2 is
irradiated in acidic aqueous 2-propanol under the same con-
ditions as described for 1 (eq 8). In acid solution, if an equi-
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librium is established between protonated 2 and carbonium
ion 5 (eq 9), then an electron would most likely transfer di-
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rectly to the carbonium ion center of § (eq 10) forming the
radical 6 which would subsequently form 3 by hydrogen
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atom abstraction. Even if the equilibrium in eq 9 is unfavor-
able, the formation of the more stable radical 6 would be
rapid since the electron exchange (eq 10) should occur at a
diffusion controlled rate.'!

Preliminary results indicate, furthermore, that the elec-
tron transfer step is very sensitive to both the electron donor
capacity of the substituent on the pyridine ring as well as
the steric hindrance about the ketyl donor radical. This is
demonstrated by the facts that 4-methoxypyridinium ion
does not react with diphenyl ketyl, presumably because of
the considerable ground state contribution from structure

7,112 and duryl phenyl ketyl'? does not react with 4-cyano-
pyridinium ion.

*OCH,

]
N
H
7
Pyridinyl radicals are known to dimerize or dispropor-
tionate by second-order kinetics.” Though there is some in-
frared evidence for the presence of 4,4’-dipyridyl among the
reaction products, under the conditions used, dimerization
does not appear to be a major pathway.
We are presently studying these reactions by ESR and
investigating the reaction of diphenyl ketyl with other sub-

stituted pyridinium ions and other molecules, and these will
be subjects of subsequent reports,
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Effects of Molecular Complexing on the Properties
of Binary Nematic Liquid Crystal Mixtures
Sir:

In order to achieve extended liquid crystalline tempera-
ture ranges, binary systems offer the advantage of frequent-
ly exhibiting eutectic behavior in their solid — mesophase
transition while the mesophase — isotropic transition tem-
perature varies linearly with composition. In particular, sev-
eral binary nematic systems have been studied,!~7 and only
small deviations from linearity in the nematic — isotropic
transition temperatures (7'N1) are noted when there are sig-
nificant differences in molar volumes or densities of the
components. This general behavior has been satisfactorily
accounted for theoretically by Humphries and Luckhurst.®

It seemed to us that large deviations in T as well as the
solid — nematic transition temperature (Tsn) should be
possible if molecular complex formation took place between
the components of the binary system. Further, as opposed to
the usual deviations in TNy being depressions of the melting
point,” in the case of complex formation, increases in the
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Table I. Positive Deviations in 7 for Binary Nematic Mixtures of CPB (Nematic Range 23.5-35.0°) and a Nematic Donor

Nematic range of

Nematic range of

Nematic donor donor, °C Mole % CPB mixture, °C ATND °C
MBBA 20.9-43.5 46.0 37.5-49.2 +9.6
cn0—Op—on=v—~)—n 35.0-75.4 50.5 61.0-64.5 +9.5
CH,O—QCH=N—©—n-Bu 44.0-62.6 50.9 15.0-53.0 +4.5

OH
CH, N=N—©—ococ,ﬂ“ 72.0-126.0 53.0 60.0-86.4 +8.6
e, c00—~Op—crmn—~Op—cx 52.0-94.5 54.8 19.6-64.8 +2.9

ISOTROPIC
50 F —
NEMATIC

Temperature (°C)

101 |
0 20 40 60 80 100

Mole % CPB
Figure 1. Phase diagram of MBBA-CPB.

| 1 1 1 1 1

melting point over either component of the system could
occur. We have achieved this result in the binary system
N-(p-methoxybenzylidene)-p-n-butylaniline (MBBA) and
4-cyano-4’-pentylbiphenyl (CPB) and several closely relat-
ed binary mixtures.

MBBA and CPB were chosen!® because of the possibility
of a weak charge-transfer interaction between the compo-
nents. Spectroscopic studies in the nematic phase of a
50-50 mole % binary mixture show a typical broad weak
absorption band in the visible peaking at ~550 nm. The
phase diagram (Figure 1) was determined using both polar-
ized optical microscopy on a Mettler FP-2 hot stage and
differential scanning calorimetry (DSC) utilizing a Perkin-
Elmer DSC 1-B. DSC determinations were done on a heat-
ing cycle on samples which had been refrigerated at —20°
for at least 5 days to avoid supercooled samples.

With regard to Ty, the phase diagram is a classical ex-
ample of a two-component system forming a compound,
displaying a congruent melting point, and exhibiting two
eutectics. Tny shows a maximum at a temperature ~10°
higher than expected for a linear relationship between the
clearing points of the two components. The Tn; and Tsn
maxima occur at ca. 50-50 mole % of MBBA-CPB.
Enthalpies of the solid-nematic transition (AHgN) for the
binary mixture are plotted in Figure 2, showing minimal
values of AHgy at compositions close to the 50~50 mixture.
Similar positive deviations in TN; are seen in mixtures of

gram

Caiories per

i 1 i
60 80 100
Moie % CPB

0 1 1 }

T
0 20 40

Figure 2. Heat of solid — nematic transition vs. mole % of CPB.

other Schiff bases or a nematic with a central azo linkage
functioning as donor moieties with CPB functioning as the
acceptor and are listed in Table I.

By virtue of charge-transfer interaction of components of
a binary mixture, it is clear that extended liquid-crystalline
temperature ranges can be achieved. The interaction also
was expected to lead to nonlinearities in dielectric proper-
ties and possible modulation of electrooptical properties.
Dielectric anisotropies were evaluated by measuring dielec-
tric constants on aligned nematic samples, holding the ori-
entation of the nematic director in a 15 kOe magnetic
field.!" Twisted nematic cells were constructed using SiO
treated glass plates and 50 u spacers to allow study of delay
times, rise times, decay times, and threshold voltages (¥,;)
for electric field addressing in a2 manner previously de-
scribed.!?

Strong positive deviations in the value of Ae (=ej —.¢,)
were observed. A 50-50 mole % MBBA-CPB mixture has a
Ae of 7.7 whereas a simple additivity law implies a value of
5.8. The delay time decreases by a factor of 2 in going from
100% CPB to the 50-50 mixture, but rise times, decay
times, and ¥, are relatively insensitive to composition.

It therefore appears quite likely that, in addition to ex-
tending nematic ranges by involving complexing between
the components of a binary mixture, one can cause changes
in dielectric anisotropies, viscosities, and elastic constants
which will affect electrooptic behavior in these systems. At-
tempts to design appropriate systems to take maximum ad-
vantage of nonlinearities in their properties are in progress.
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Reassignment of the Absolute Configuration
of 19-Substituted 19-Hydroxysteroids and
Stereomechanism of Estrogen Biosynthesis
Sir:

We wish to report evidence for reversing the previous as-
signment of the absolute configuration at the C-19 position
of 19-hydroxy-19-methylandrost-5-ene' and of other struc-
tures? fundamentally dependent on it for their stereochemi-
cal assignments.® Using numerous reaction sequences and
stereochemical considerations of the hypothesis of Karabat-
so0s,* a modification of Cram’s rule,’ of Cherest et al,® and
of relative rates of 3,19-oxide formation over A-ring Wicha
and Caspi! assigned the 19R configuration for the only iso-
lated (90% yield) 33,176,19-trihydroxy-19-methylandrost-
S-ene (I) from methyllithium reaction with 33,173-diace-
toxy-5-androsten-19-al (2a) and 195 (3) for the only isolat-
ed alcohol obtained by lithium aluminum hydride reduction
of 33,178-diacetoxy-19-methylandrost-5-en-19-one (2b).
Based on Wicha and Caspi’s studies, Skinner and Akhtar??
tentatively assigned the 19R->H configuration to the major
product of *H-labeled sodium borohydride reduction of the
aldehyde 2¢. They proposed that in estrogen biosynthesis
the 19-hydroxylation of the 19-hydroxyandrogen occurs at
the 19proS hydrogen.?2 Contrary to this mechanism we
sroposed’ stereaspecific 19proR hydrogen removal in enzy-

1¢ aromatization of 19-hydroxytestosterone, which is a
more direct precursor for estrogen biosynthesis than a A>-
383-0l,8 based on the assignment of 195-3H configuration to
the major product (90% proS/10% proR) of the labeling of
A*-3-0x0-19-al.

To reconcile the apparent conflict for the stereomechan-
ism of enzymic aromatization the following are considered:
(1) stereospecificity of the 19-hydroxylation by human pla-
cental androgen aromatase could be opposite for the sub-
strates 19-hydroxy-AS-38-ol or 19-hydroxy-A*-3-one; (2)
stereoselectivity of the nucleophilic attack of methyllithium
and sodium borohydride on the steroidal 19-aldehyde could
be different enough to make the tentative assignment by
Skinner and Akhtar invalid; or (3) either one of the two as-
signments must be reversed.

We have carried out further conformational studies using
X-ray crystallography, isotope labeling, NMR, and enzy-
mic reactions. We report here that the stereoselectivity of

1 2a, R, =H; R, = Ac

b, R,=CH,; R,=Ac

c. RR=R,=H

2H OAC
AcO l H
AN e
AcO

3 4

6a, R, =O0COCH;; R,=H

b, R, R,=0
HO CHBH i
N
C
AcO HO
7 11

the two nucleophilic reactions at the 19-aldehyde is similar,
estrogen biosynthesis is by stereospecific removal of the
19proR hydrogen of both the 19-hydroxylated AS-38-ol and
A%-3-one systems, and the previous configurational assign-
ment'-2 of 19-substituted 19-hydroxy-steroids should be re-
versed.

The aldehyde 2a was reduced with deuterium labeled
(>98% 2H) sodium borohydride in methanol and the result-
ing alcohol was acetylated to give [19-2H]-33,178,19-
triacetoxyandrost-5-ene (4): mp 88-90°; ir 1735, 1240,
1030 cm™'; '"H NMR (60 MHz), 5 0.83 (18-CH3, 3 H, s),
2.03 (OAc, 9 H, s). Quantitative analysis by 'H NMR at
300 MHz,® as shown in Figure 1, gave 67% 2H labeling at
the higher field 19-proton (5 3.96 ppm) and 33% at the
lower field 19-proton (8 4.49). 178-Benzoyloxy-3-oxo-4-
androsten-19-al (5a)'° was similarly reduced with sodium
borodeuteride to give [19-2H]-19-hydroxytestosterone 17-
benzoate (6a),”!' mp 242-245°. Analysis of the 19-protons
by 300-MHz '"H NMR showed 90% 2H labeling at the
lower field (5 4.06) and 10% at the higher field proton (8
3.89) in 6a as in Figure 2. In order to establish the stereo-
chemical relationships of the labels in the two systems,
transformation of [19-2H]-A%-3-one to [19-2ZH]-A3-38-0l
was carried out without removal of the label. 3,]17-Dioxo-
4-androsten-19-al (5b)!? was selectively reduced with sodi-
um borodeuteride to afford [19-2H]-19-hydroxy-4-andros-
tene-3,17-dione (6b): mp 168-170°; ir, 3300, 1737, 1658,
1618 cm™'; '"H NMR (CDCl3-D50), 6 0.92 (18-CH3, 3 H,
s), 5.91 (4-H, 1 H, s); 90% °H labeling at the lower field
19-H and 10% 2H at the higher field 19-H as observed in
6a. The unsaturated ketone was treated with acetic anhy-
dride and perchloric acid to give [19-2H]-3,19-diacetoxyan-
drosta-3,5-dien-17-one (7) as an oil. The enol acetate was
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